INTRODUCTION
Although it has been accepted for many years that the molecular structures of amylopectin and glycogen can be described in terms of (14)a-D-glucosidic inter-residue linkages and (1--*6) -a-D-glucosidic inter-chain linkages, in the early stages of our research, there were several reports of the presence of (1-;3)-glucosidic linkages in these glucans.
These are summarised in Table 1 .
The methylation analysis of amylopectin and glycogen was always difficult, and complicated by the need to ensure that the methylation was complete (the theoretical methoxyl content of 45.6% was rarely achieved), and that hydroly tic demethylation of 2 : 3 : 6-tri-0-methyl D-glucose was minimised. Both factors could lead to the formation of di-O-methyl D-glucose which did not originate from triply-linked branch point residues.
In studies of both rabbit liver and rabbit muscle glycogen, Bell reported" that 2 : 6-di-0-methyl D-glucose was the predominant di-0-methyl sugar.
With certain reservations, this was viewed as evidence for the presence of (1-->3) -linkages.
Many years later,11' a methylation study of glycogen and amylopectin polyalcohols gave a negligible amount of 2 : 6-di-0-methyl D-glucose.
D The small proportion of branch points in amylose was too low to be detected by the chemical techniques then available.
However, a methylation study • of amylose polyalcohol later37 provided evidence of (16) branch points by the isolation of very small amounts of 1-0-methylerythritol. With maize and potato amylose, the proportion of (16)-linkages was 1 in 300 and 1 in 400 respectively, and there were probably two or three branch points per molecule. Our overall studies on amylose occupied more than a decade, and provided a good example of the use of enzymic methods for the investi gation of the fine structure of a starch-type polysaccharide.
This brief review cannot, however, do full justice to the intense interest that was aroused by the original observations of Peat and his coworkers,25,2" and the subse quent speculation on the nature of Z-enzyme and the anomalous linkages in amylose.
MULTIPLE BRANCHING IN AMYLOPECTIN AND GLYCOGEN
In 1952, a very significant paper was published by Peat and his coworkers.41) They defined three types of chain in amylopectin.
A-chains were linked to the molecule only by the poten tial reducing group; B-chains carried one or more other chains, and were also linked by the potential reducing group to the rest of the molecule; the C-chain was terminated by the sole reducing group (Fig. 1) . There was only one C-chain per molecule and for many pur poses, it could be regarded as a B-chain. Peat and his coworkers41) developed an enzymic method for the detection of A-chains, and hence, measurement of the ratio of A-chains to B-chains, which is a measure of the degree of multiple branching in the molecule. pectin and glycogen.
Some models were con sidered to apply equally well to amylopectin and glycogen e. g., the 1937 models of Haworth and Staudinger, the 1952 model of Lamer and coworkers50) and those postulated by Whelan and coworkers in 197051) and 1979.52) Other models were restricted either to amylopectin e. g., those proposed by Meyer and Bernfeld,53) Nikuni,54) French,55) Robin and coworkers56) and ourselves,47 or to glycogen e. g., Meyer and Fuld,57 Goldsmith and coworkers.58) The literature on this subject is now very extensive. Since the molecular models for amylopectin have been recently reviewed in detail elsewhere, 38, 48, 59) the present discussion will con-; centrate on glycogen rather than on amylopectin.
Amylopectin.
It is now generally accepted that amylopectin has a cluster-type structure. This concept arose independently in the labo ratories of Z. Nikuni544 and D. French,55) both of whom have been honoured by this Society. The cluster models (Fig. 2 ) are in accord with the structural properties of amylopectin, includ ing the relatively high viscosity, partial crys tallinity and relative resistance to degradation by acids and enzymes.54-56) Our variant of the model47 takes account of the A : B chain ratio and the change in this ratio when amylopectin is partly debranched with pullulanase. This information was not, of course, available to the previous authors,54-56) and leads to the view that some B-chains carry more than one Achain. A later refinement of the cluster model has been proposed by Hizukuri60) on the basis of a polymodal chain profile.
Most clusters consist of A-chains and relatively short B• chains, but some B-chains can extend into two, three or possibly even four clusters. This represents a more quantitative aspect to the varying lengths of the B-chains than is shown qualitatively in the previous diagrams (Fig. 2) .
The detailed arrangement of amylose and amylopectin molecules within a starch granule is the subject of continuing speculation, and represents a major problem for future investigations.
Glycogen.
Enzymic degradation studies car ried out by Meyer and Fuld5" and by Lamer and coworkers50) led to the postulation of a multiply branched "tree" or bush-like structure for glycogen. The latter group suggested that the branch points were arranged in tiers, which could be detected during a stepwise degradation using muscle phosphorylase and amylo-l, 6-glucosidase.
Since glycogen molecules have a high molecular weight (107), the number of tiers could be considerable. Madsen and Cori61) have calculated that in a glycogen with a molecular weight of 20 x 106, there would be about 13 successive tiers of branch points, and 50% of the branch points would be in the outermost tier.
Confirmation of this was reported by Misaki and Yano62) who degraded oyster gly cogen by 15 successive treatments with pul lulanase.
In 1968, amylopectin was shown63) as a re gularly rebranched structure, and in 1970, the same diagram (see Fig. id ) was used to describe glycogen.51) However, it was not clear why regularity was introduced into the model, since there was ample evidence from the literature that the branch points in these polysaccharides were irregularly distributed e. g., the isolation a-dextrins containing more than one branch 
